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IN-EAR-CANAL AUDIO RECEIVER AND 
STETHOSCOPE HAVING THE SAME 

CROSS-REFERENCE 

This application claims the bene?t of US. Provisional 
Application No. 60/012,168 ?led Feb. 23, 1996. 

The present invention Was made With US. Government 
support, and the US. Government has certain rights in the 
invention. 

BACKGROUND OF THE INVENTION 

The present invention relates to an improved audio 
receiver Which ?ts in the ear canal of a users ear and Which 
may be used in conjunction With an electronic stethoscope or 
other listening device such as a headset or similar device. 
The present invention may also be used With a typical, 
mechanical stethoscope or may be used as an ambient noise 
reducing ear plug. 

Typical, mechanical stethoscopes comprise a stethoscope 
head and a pair of ear tubes that are coupled to the stetho 
scope head and biased together by a spring mechanism. Ear 
pieces or tips are mounted to the ends of the ear tubes for 
insertion into the user’s ears. Acolumn of air in the ear tubes 
transmits sounds detected by the stethoscope head to the ear 
pieces. The spring mechanism helps hold the ear pieces 
positioned in the user’s ears. An electronic stethoscope may 
also have a speaker or other electronic device in or next to 
the ear piece to assist in listening. 
HoW the earpiece ?ts in the user’s ear can effect both the 

comfort of the user and the overall effectiveness of the 
earpiece, i.e., the ability of the user to hear the sounds 
broadcast by the earpiece. FIG. 1 illustrates various parts of 
a human ear 10 and particularly shoW the complex shape of 
the outer ear. The external or outer ear includes: the helix 12, 
a curved fold forming most of the rim of the external ear; the 
antihelix ridge 14, the inWard curving ridge of the auricle 
(projecting outer portion) of the external ear; the triangular 
fossa or depression 16 betWeen the antihelix 14 and the helix 
12; the concha region 18, the larger depression near the 
opening into the ear canal; the ear lobe 20, the soft, 
pendulous, loWer part of the external ear; the tragus 22, the 
?eshy prominence at the front of the external opening of the 
ear; the antitragus 24, the ?eshy prominence opposite the 
tragus 22; the iscisua or notch 26 betWeen the tragus 22 and 
antitragus 24; and the rim of or entrance 28 to the ear canal 
30. The ear canal 30 provides a passageWay betWeen the 
external ear and the tympanic membrane or ear drum 32. 
Part of the jaW line interface 34 is shoWn extending doWn 
Ward from the ear 10. 

It is generally desirable for the ear pieces to be biased or 
pressed against the user’s ear so that a substantially airtight 
seal is formed. A good seal may prevent a signi?cant amount 
of the ambient sounds or noise from reaching the user’s ear 
canal through the entrance 28 to the ear canal and interfering 
With the stethoscope sounds. Achieving such an airtight seal, 
hoWever, can be dif?cult and cause considerable discomfort 
to the user due to the relative hardness and shape of the ear 
pieces. 

Typical earpieces for stethoscopes have a generally ball 
like con?guration that does not conform to the complex 
shape of the human ear. In addition, the earpieces are often 
made from a relatively hard plastic material. When the 
earpiece is placed in the user’s ear, it contacts and applies a 
force against a small area around the rim of or entrance 28 
to the ear canal 30. The entrance 28 to the ear canal 30, 
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2 
hoWever, can be particularly sensitive to pressure. The 
combination of a small contact area and the spring force 
from the spring mechanism of the ear tubes, therefore, 
oftentimes causes pain and discomfort to the user after a 
relatively short period of time. Furthermore, due to their 
bulbous con?guration, the typical earpieces do not generally 
form a good seal With the ear and, therefore, do not serve 
Well to reduce the amount of noise entering the user’s ear 
canal 30 through the entrance 28. 

The present invention, therefore, provides an improved 
ear piece Which is both comfortable and creates a good seal. 
Furthermore, the present invention provides an ear piece 
Which safely houses a speaker Which is directed into the 
user’s ear canal. 

SUMMARY OF THE INVENTION 

The present invention provides an in-ear-canal audio 
receiver comprising an in-ear-canal adapter body having a 
tapered ear plug portion that is inserted into the user’s ear 
canal. The adapter body further has an opening in the plug 
portion, an exterior annular indent, and an inner chamber 
coupled to the opening of the plug portion. The inner 
chamber of the in-ear-canal adapter body holds a transducer 
assembly comprising a transducer housing and a transducer 
or speaker. The transducer is positioned in a passage extend 
ing through the transducer housing. A concha cushion is 
positioned on the plug portion of the in-ear-canal adapter 
body in the annular indent. The cushion provides comfort 
and establishes a good seal With the user’s ear. The cushion 
can also be custom con?gured to match the complex shape 
(concha and ear canal region) of the user’s outer ear. The 
custom shape provides both greater comfort and a better 
seal. 
The transducer assembly further comprises a transducer 

adapter body having a through hole and an end cap Which 
covers one end of the through hole. The transducer ?ts into 
the through hole of the transducer adapter body, and the 
transducer adapter body together With the transducer are 
received in the passage of the transducer housing. In another 
embodiment of the invention, transducer is encapsulated in 
an encapsulating material such as an epoxy compound. 

The present invention also provides a stethoscope 
equipped With an in-ear-canal receiver as described above. 
The present invention also provides an ear plug having a 
concha cushion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and advantages of the 
invention Will become apparent from consideration of the 
folloWing detailed description When read in conjunction 
With the accompanying draWings, in Which like reference 
characters refer to like parts throughout, and in Which: 

FIG. 1 is a side vieW of a human ear illustrating the 
various parts of the ear; 

FIG. 2 is a perspective vieW of an electronic stethoscope 
equipped With an in-ear-canal audio receiver (herein 
“IECR”) in accordance With the present invention; 

FIG. 3 is a side cross-sectional vieW of the IECR posi 
tioned in a human ear; 

FIG. 4 is an exploded side vieW of the IECR of FIG. 3; 
FIG. 5 is a partial, side cross-sectional vieW of an earpiece 

assembly comprising the in-ear-canal (“IEC”) adapter and 
the ear cushion, Which form a part of the IEC of FIG. 3; 

FIG. 6A is an end vieW of an ear cushion forming a 
portion of the IECR of FIG. 3; 
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FIG. 6B is a side vieW of the ear cushion of FIG. 6A; 

FIG. 6C is a side cross-sectional vieW of the ear cushion 
of FIG. 6A; 

FIG. 7 is a side vieW of an in-ear-canal (“IEC”) adapter 
forming a portion of the IECR of FIG. 3; 

FIG. 8A is another side vieW of the IEC adapter illustrat 
ing the interior contour; 

FIG. 8B is an end vieW of the I1EC adapter of FIG. 6A; 
FIG. 9A is a side cross-sectional vieW of an end cap for 

a transducer adapter body (shoWn in FIG. 10); 
FIG. 9B is an end vieW of the end cap of FIG. 19A; 
FIG. 10 is a side cross-sectional vieW of an encapsulated 

transducer assembly comprising the end cap and a trans 
ducer positioned in a transducer adapter body, Which form a 
part of the IECR of FIG. 3; 

FIG. 11 A is a side cross-sectional vieW of the transducer 
positioned in the transducer adapter body of FIG. 10; 

FIG. 11B is an end vieW of the transducer positioned in 
the transducer adapter body of FIG. 11A; and 

FIG. 11C is an opposing end vieW of the transducer 
positioned in the transducer adapter body of FIG. 11A; 

FIG. 11D is a cross-sectional plan vieW of the transducer 
positioned in the transducer adapter body of FIG. 11A; 

FIG. 12A is an exploded, side cross-sectional vieW of 
another embodiment of an encapsulated transducer assem 
bly and transducer housing; 

FIG. 12B is a side cross-sectional vieW of the encapsu 
lated transducer assembly of FIG. 12B partially inserted into 
the transducer housing; 

FIG. 12C is a side cross-sectional vieW of the encapsu 
lated transducer assembly of FIG. 12A fully inserted in the 
transducer housing and the transducer housing mounted to 
the end of a stethoscope ear tube; 

FIG. 13 is a side cross-sectional vieW of another embodi 
ment of an IECR positioned in a human ear; 

FIG. 14 is an exploded side vieW of the IECR of FIG. 13; 
FIG. 15 is an exploded side cross-sectional vieW of the 

IECR of FIG. 13; 
FIG. 16A is a front end vieW of a contoured ear cushion 

forming a portion of the IECR of FIG. 13; 
FIG. 16B is side cross-sectional vieW of the contoured ear 

cushion taken along section A—A of FIG. 16A; 
FIG. 16C is a side vieW of the contoured ear cushion of 

FIG. 16A; 
FIG. 16D is a rear end vieW of the contoured ear cushion 

of FIG. 16A; 
FIG. 17A is a side vieW of an IEC adapter forming a 

portion of the IECR of FIG. 13; 
FIG. 17B is front end vieW of the IEC adapter of FIG. 

17A; 
FIG. 17C is rear end vieW of the IEC adapter of FIG. 17A; 
FIG. 17D is cross-sectional vieW taken along line B—B 

of FIG. 17A; 
FIG. 17E is cross-sectional vieW taken along line C—C of 

FIG. 17A; 
FIG. 17F is cross-sectional vieW taken along line D—D of 

FIG. 17A; 
FIG. 18 is an exploded side vieW of another embodiment 

of an IECR that may be used With a traditional, mechanical 
stethoscope; 

FIG. 19 is an exploded side vieW of another embodiment 
of an IECR similar to the IECR of FIG. 18 but With a 
different mounting con?guration; and 
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4 
FIG. 20 is an exploded side vieW of another embodiment 

of an IECR that may be used With a traditional, mechanical 
stethoscope. 
The terms “upWard”, “doWnWard”, “top”, and “bottom” 

may appear in the folloWing description for convenience in 
describing the invention. The use of these or like terms are 
not intended to limit the orientation of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides an in-ear-canal audio 
receiver (hereinafter referred to as an “IECR”) that may be 
used With an electronic stethoscope, or other electronic 
listening device such as a headset, for receiving sound 
signals and broadcasting sounds into the ear canal of a user. 
The IECR of the present invention is designed to comfort 
ably ?t in the user’s ear and yet provide a good seal. As 
discussed further beloW, the IECR may also be used With a 
more conventional, mechanical stethoscope Which uses a 
column of air in the ear tube to transmit sounds to the IECR. 
Or, the IECR may be used as a comfortable ear plug for 
passively reducing the amount ambient noise reaching the 
inside of a user’s ear 10. 

An example of an electronic stethoscope is described in 
US. Pat. No. 5,467,775, issued Nov. 21, 1995 to Thomas F. 
Callahan and MattheW G. Callahan, Which is incorporated 
herein by reference. FIG. 2 illustrates the electronic stetho 
scope 40 of the ’775 patent provided With tWo IECRs 42 in 
accordance With the present invention. The electronic 
stethoscope 40 includes tWo transducers (not shoWn) housed 
in a stethoscope head 44 for detecting body sounds of a 
patient. The sound signals are transmitted by conductors 
housed in a cable 46 to a digital signal processor (not shoWn) 
carried in a pack 48 or similar container or box. The digital 
signal processor processes the sound signals, and 
conductors, housed in a pair of calipers, or ear tubes 50, 
carry the processed sound signals to the IFCRs 42 mounted 
to the ends of the ear tubes 50. The IECRs 42 then broadcast 
the sounds to the user’s inner ear. A spring mechanism 52 
biases the calipers 50 together in order to hold the IECRs 42 
more securely in the user’s ears. 

FIG. 3 illustrates a ?rst embodiment of an in-ear-canal 
receiver (“IECR”) 42 positioned so that a portion of the 
IECR projects into the ear canal 30 of a human ear 10. With 
reference to FIGS. 3 and 4, the IECR 42 comprises a 
transducer housing 54 Which holds a transducer 56 and 
Which may be attached directly to the end 58 of a stetho 
scope ear tube 50. The transducer housing 54 has openings 
60, 62 on either end Which open into ?rst and second 
chambers 64, 66, respectively. The ?rst chamber 64 is 
adapted to be mounted to the end 58 of the stethoscope ear 
tube 50 Which is typically holloW and made from a metallic 
material along a distal section 68 (shoWn in FIG. 4). The ?rst 
chamber 64 includes a subchamber 70 provided With threads 
72 for engaging threads 74 provided on the end 58 of the 
stethoscope ear tube 50. 
The con?guration of the ?rst chamber 64, hoWever, may 

be modi?ed to adapt to different terminal con?gurations of 
the stethoscope ear tube 50. For example, the end of the 
stethoscope ear tube may be provided With annular ridges 
that are press ?t into corresponding annular indents provided 
inside the earpiece. FIG. 19, discussed in more detail further 
beloW, illustrates such a mounting arrangement betWeen the 
housing and the end of the stethoscope. 
The second chamber 66 of the transducer housing 54 is 

adapted to receive an encapsulated transducer assembly 76 
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that encloses the transducer 56. The encapsulated transducer 
assembly 76 comprises: a transducer adapter body 78, 
having a through hole 80 for receiving the transducer 56; an 
end cap 82, having a central through hole 84, for assisting in 
holding the transducer 56 Within the transducer adapter body 
78; the transducer 56; and a pair of conductor Wires or leads 
86 (shoWn in FIG. 4). The end cap 82 may be connected to 
the transducer 56 and the transducer adapter body 78 by an 
adhesive such as acrylic cement. The conductor Wires 86 are 
preferably hard Wired or soldered to contact points 88 
provided at one end of the transducer 56 and are fed through 
the holloW ear tube 50 to the electronics pack 48. A 
passageWay 90 connects the tWo chambers 64, 66 of the 
transducer housing 54 to alloW passage of the electrical 
conductors 86 betWeen the transducer 56 and the ear tube 50. 

The entire transducer assembly 92 (i.e., transducer hous 
ing 54 and encapsulated transducer assembly 76) ?ts into a 
relatively large, open-ended, chamber 94 of an in-ear-canal 
adapter 96 (herein “IEC adapter”). The transducer assembly 
92 may be held in place by an adhesive such as acrylic 
cement. Alternatively, the transducer assembly 92 may be 
press ?t into the IEC adapter chamber 94 so that the EEC 
adapter 96 and transducer assembly 92 may be easily 
separated for replacement or repair. The IEC adapter 96 has 
a tapered plug section 98 that is inserted into the user’s ear 
canal 30 and a larger adapter section 100 that holds the 
transducer assembly 92. The chamber 94 is shoWn in the 
adapter section 100, and a circular passageWay 102 that 
extends through the plug section 98 connects the chamber 94 
to an opening 104 in the plug section 98. 

Atoriod cushion 106 encircles the plug section 98 of the 
EEC adapter 96. The IEC adapter 96 and torus-shaped 
cushion 106 together form an earpiece assembly 108 (FIG. 
5) Which is inserted into the user’s ear 10, in addition to 
providing comfort, the torus-shaped cushion 106 forms a 
good seal With the concha and ear canal region (18, 28) When 
the IEC adapter 96 is inserted into the ear 10. Due to the 
spring-biasing of the stethoscope calipers 50, the IECR 42 is 
urged toWard and into the user’s ear canal 30 as shoWn in 
FIG. 3. As the IECR 42 is urged into the ear canal 30, the 
toriod cushion 106 is compressed against the concha and 
entrance (18, 28) to the ear canal 30 forming a seal. The plug 
section 98 of the IEC adapter 96 is urged into the ear canal 
30 and also forms a good seal With the concha/ear canal 30 

(18, 28). 
When the IECR 42 is so positioned in the ear 10, the audio 

output 110 of the transducer 56 is directed into the ear canal. 
Depending upon the siZe of the transducer 56 and the 
encapsulated transducer assembly 76, hoWever, the encap 
sulated transducer assembly 76 may be ?t into the plug 
section 98 of the IEC adapter 96 instead of the adapter 
section 100. In other Words, a chamber may be formed in the 
plug section 98 for receiving the encapsulated transducer 
assembly 76, in that Way the transducer 56 may be brought 
even closer to the ear drum 32 When the IECR is positioned 
in the user’s ear 10. 

FIGS. 5, 6A—C, 7, 8A, 8B, 9A, 9B, 10, and 11A—11D 
illustrate in detail the con?gurations of the components of 
the IECR 42. Although the folloWing detailed discussion of 
the components mentions particular dimensions, the dimen 
sions may be modi?ed depending upon such variables as the 
transducer siZe and siZe of the intended user’s ear. For 
example, Where the user’s ear is relatively small or large, the 
cushion 106 can be made correspondingly smaller or larger, 
and Where the transducer is relatively small or large, the 
encapsulating assembly 76, transducer housing 54, and IEC 
adapter 96 can be made correspondingly smaller or larger. 
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6 
FIG. 5 partially shoWs the earpiece assembly 108 (EIC 

adapter 96 and toriod ear cushion 106) fully assembled With 
the torus-shaped cushion 106 positioned on the plug section 
98 of the IEC adapter 96. As shoWn in FIGS. 6A—C, the 
torus-shaped cushion 106 has a circular or “donut” shape 
With a generally ?attened, elliptical cross-section FIG. 6C). 
In the embodiment illustrated, the toriod ear cushion 106 has 
inner and outer diameters of 0.429 inches (“in”) (1.09 
centimeters (“cm”)) and 0.6875 in. (1.746 cm.), respectively, 
and is 0.130 in. (0.33 cm.) thick. The cushion 106, hoWever, 
can be larger to provide an even greater contact area betWeen 
the cushion 106 and the user’s ear 10, as discussed further 
beloW. 

The ear cushion may also be custom con?gured to match 
the complex shape (concha and ear canal region(18, 28)) of 
the user’s outer ear. For example, the cushion may be larger 
and more ?attened on the side Which presses against the 
user’s ear in the concha region to provide a greater area of 
contact betWeen the cushion and the user’s ear. The custom 
shape provides both greater comfort and a better seal. FIGS. 
13, and 16A—D, discussed further beloW, illustrate an ear 
cushion that is more custom con?gured to conform to the 
shape of the user’s ear. 
The ear cushion 106 may be made from a foam elastomer 

With a softness approximately in the range of 30—35 Shore 
A Durometer. Alternatively, the cushion 106 may comprise 
a highly ?exible sheath ?lled With silicon gel or another soft 
material such as a moldable putty. The ?exible sheath may 
comprise a Wear resistant thin, ?lm-like material, such as 
polyvinyl chloride PVC), polyvinyl chloride-acetate, 
polyurethane, or kid skin leather, and be ?lled With a silicon 
gel, gel mixture or moldable putty, e.g., a high viscosity 
silicon liquid (or gel) that is highly ?lled With clay 
(commonly knoWn as SILLY PUTTYTM) or an admixture of 
clay and glass microspheres. In general, the moldable mate 
rial can be compounded so that it Will retain its amorphous 
qualities and take the shape of the concha cavity in Which it 
is compressed. Such material tends to gradually ?oW under 
pressure and body heat. Other materials can be compounded 
to take a permanent set so that once deformed to the shape 
of the user’s concha, the cushion 106 Will tend to retain its 
shape after prolonged exposure to body heat. An example of 
such a material is polyurethane foam. The cushion 106 may 
also comprise of silicone rubber or another very soft castable 
material. 

In any case, the cushion 106 preferably comprises mate 
rial that alloWs the cushion 106 to easily compress and 
conform to the shape of the concha and entrance to the ear 
canal region (18, 28) When the IECR 42 is pressed into the 
user’s ear 10. The cushion 106 thus provides a comfortable 
interface betWeen the spring-loaded ear tubes 50 and the 
concha region 28 of the user’s ear. When the cushion 106 
deforms and conforms to the shape of the user’s ear 10, a 
relatively large area of contact is formed betWeen the 
cushion 106 and the concha region 18 of the ear 10. The 
resistance to the spring force by the concha 18 is, therefore, 
spread over a relatively large area and the actual pressure 
applied to the concha 18 at any one point is substantially 
reduced. This loWer pressure results in greater comfort for 
the user. 

The cushion 106 also serves as a noise barrier, preventing 
air leakage betWeen the cushion 106, the concha 18, and the 
ear canal 30, and serves to dampen any noise that tends to 
penetrate the cushion 106. Where the cushion material is 
suf?ciently soft and pliable, it Will conform to the shape of 
the concha 18 and seal the entrance 28 to the ear canal 30, 
thus eliminating or, at least, substantially decreasing the 
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leakage of air. If the cushion material has sufficient noise 
damping qualities, it Will diminish the noise that may be 
transmitted through the cushion. The moldable putty dis 
cussed above particularly provides suf?cient noise-damping 
qualitites. 

FIGS. 7, 8A and 8B illustrate the details of the IEC 
adapter 96. As mentioned above, the IEC adapter 96 has a 
tapered plug section 98 and an adapter section 100 With an 
inner chamber 94. The inner chamber 94 is contoured to 
substantially match the outer contours of the transducer 
housing 54 and the end cap 82. In particular, the chamber 94 
is circular in cross-section and has a constant diameter 
(0.365 in. (0.927 over a substantial portion of its length 
from the open end 112 toWard the inner end 114. Closer to 
the inner end 114, the chamber 94 has a segment of increased 
diameter (0.436 in. (1.107 Which de?nes a circular 
recess 116 for receiving a ?ange 118 formed on the end of 
the transducer housing 54. The remainder 120 of the cham 
ber 94 tapers inWard in conformity With the outer shape of 
the end cap 82. As shoWn in FIG. 8A, the outer surface 122 
of the adapter section 100 tapers radially outWard from the 
open end 112 to an area 124 Where the adapter section 100 
intersects With the plug section 98. The adapter section 100 
is shoWn having a 0.688 in. (1.75 cm.) outermost diameter. 

The outer surface 126 of the plug section 98 of the IEC 
adapter 96 tapers radially inWard from the area 124 of 
intersection With the adapter section 100 to the open end 
104. Preferably, the taper has a slight conveX curve as 
shoWn. The passageWay 102 eXtends through the center of 
the plug section 98 and is circular in cross-section as shoWn. 

Alternatively, the plug section 98 can be greater in length 
and smaller in diameter than shoWn so that it may protrude 
further into the ear canal 30. FIG. 7 illustrates in phantom an 
eXample of a plug section 98‘ of greater length and smaller 
diameter. The speci?c length and thickness of the plug 
section 98‘ may depend upon the siZe of the ear canal 30 and 
hoW far the user Wishes to insert the plug section 98‘ into the 
ear canal 30. In general, a more comfortable and secure ?t 
may be attained the further the plug section is inserted into 
the ear canal 30 (e.g., in a mid-ear-canal area closer to the 
ear drum 32). 

In the area 124 of intersection betWeen the plug and 
adapter sections 98, 100, the IEC adapter 96 curves out 
Wardly to form a forWard-facing concave indent 128 to 
match the curvature of the torus-shaped cushion 106. In the 
embodiment shoWn in FIGS. 8A, 8B, the indent 128 has a 
radius of curvature of 0.065 in. (0.165 cm.). When posi 
tioned on the IEC adapter 96, the torus-shaped ear cushion 
106 ?ts partially into the indent 128 as shoWn in FIG. 5. The 
radius of curvature of the end of the torus-shaped cushion 
106, that is seated in the indent 128, is also approximately 
0.065 in. (0.165 cm.). 

The IEC adapter 96 may be made from an elastomer With 
a softness in the range of 50—55 Shore A Durometer. For an 
IEC adapter 96 having a longer and thinner plug section 98‘, 
the IEC adapter, hoWever, may be made from a softer 
elastomer so that the plug section 98‘ can bend more easily 
as it is inserted into the user’s ear canal 30. 

As discussed further above, When the user inserts the plug 
section 98 (98‘) into the ear 10, the ear cushion 106 contacts 
the concha region 18 of the outer ear. The pressure from the 
ear-tube spring mechanism 52 causes the cushion 106 to 
substantially deform and assume the shape of the concha 
region 18. The area of contact betWeen the cushion 106 and 
the concha region 18 is relatively large, resulting in the 
spring force being distributed over a relatively large area. 
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This large distributed area of force further results in a much 
loWer unit of pressure being applied to the ?esh around the 
entrance to the ear canal. Preferably, the cushion 106 is made 
large enough to reduce or eliminate the amount of contact 
betWeen the plug section 98 and the entrance 28 to the ear 
canal 30. In other Words, the cushion 106 preferably is siZed 
to receive and distribute to the concha region 18 of the ear 
10 a substantial amount of the force being applied by the 
ear-tube spring mechanism 52. 
The earpiece assembly 108 (i.e., LIEC adapter 96 and ear 

cushion 106) may also be adapted for use as a comfortable 
ear plug for blocking the entrance of noise into the user’s ear 
canal 30. Preferably, the earpiece Would have the longer and 
thinner plug section 98‘ shoWn in FIG. 7. The chamber 94 of 
the IEC adapter 96 may be ?lled With a sound absorbing 
material, or the adapter 96 can be formed into a solid piece. 

With reference to FIG. 4, the details of the transducer 
housing 54 Will be explained. In the embodiment shoWn, the 
transducer housing 54 is made from aluminum but may be 
made from other suitable materials such as engineering 
grade plastic. As mentioned above, the transducer housing 
54 has ?rst and second cylindrical inner chambers 64, 66, 
respectively. The housing 54 is symmetrical about the its 
longitudinal aXis With its outer surface being circular in 
cross-section along its length. The outer surface further has 
a ?rst segment 130 that is relatively short in length (0.037 in. 
(0.094 and de?nes the ?ange 8. The diameter of the 
?ange 118 is 0.436 in. (1.107 cm.). When the housing 54 is 
inserted into the IEC adapter chamber 94, the ?ange 118 is 
received into the chamber recess 116 so that the segment 130 
is essentially press-locked in place. 
The outer surface of the housing 54 further has a second 

segment 132 of smaller diameter (0.365 in.; 0.927 cm.) but 
greater length (0.704 in.; 1.788 cm.) than the ?rst segment 
130. The second segment 132 has a knurled surface Which 
enables the Walls of the IEC adapter chamber 94 to better 
grip the transducer housing 54. The knurled surface also 
provides a rough surface that enhances cement bonding if 
the IEC adapter 96 is bonded to the housing 54. As men 
tioned further above, hoWever, the IEC adapter 96 may be 
merely press ?t onto the transducer housing 54 so that the 
IEC adapter 96 may later be removed if desired; in Which 
case, the knurled surface helps prevent sliding of the adapter 
96 about the housing 54. 
The outer surface of the housing 54 has a third segment 

134 of greater diameter (0.436 in.; 1.107 cm.), equal to the 
diameter of the ?rst or ?ange segment 130, and a relatively 
short length (0.094 in.; 0.239 cm.). The edge 136 of the third 
segment 134 forms a lip Which engages the outer end 140 of 
the IEC adapter 96. Lastly, the outer surface of the housing 
54 has a fourth segment 142 Which tapers inWard from the 
third segment 134. In the embodiment shoWn, the fourth 
segment 142 tapers at an angle of thirty degrees (30°). 

FIGS. 9A, 9B, 10, and 11A—I) illustrate the details of the 
components of the encapsulated transducer assembly 76. 
FIGS. 9A and 9B illustrate the details of the end cap 82. The 
end cap 82 includes: a cylindrical portion 144 Which ?ts into 
the circular passageWay 102 of the IEC adapter 96; a tapered 
disk portion 146 Which ?ts into the tapered portion 120 of 
the IEC adapter chamber 94; and a short rectangular portion 
148 Which ?ts into the rectangular channel 80 of the trans 
ducer adapter body 78 and receives the audio output 110 of 
the transducer 56. The through hole 84 passes through the 
center of the end cap 82. The central aXis R of the rectan 
gular portion 148, hoWever, is slightly offset from the central 
aXis X of the end cap 82. In particular, the central aXis R of 
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the rectangular portion 148 is offset downward 0.014 in. 
(0.0356 cm.) from the central axis X as shown in FIG. 9B 
(axis X is shown going into the page in FIG. 9B). Preferably, 
the end cap 82 is made from plastic but may be made from 
other suitable materials as well. 

FIGS. 11A—11D) illustrate the details of the transducer 
adapter body 78. The transducer adapter body 78 is cylin 
drical in shape with a rectangular hole 80 passing through its 
length. The adapter body 78 is made thicker on one side 150 
so that the central axis H of the rectangular hole 80 is 
positioned slightly off center of the central axis Y of the 
transducer adapter body 78 as shown in FIG. 1C. The offset 
of the rectangular hole 80 is equal to the offset of the 
rectangular portion 148 of the end cap 82. As explained 
further below, the offsets help to properly align the trans 
ducer 56 so that the audio output 110 is aligned with the 
central axis X of the end cap 82. When the end cap 82 is 
positioned on the end of the transducer adapter body 78, the 
central axes X and Y are aligned, and the rectangular portion 
148 and the rectangular hole 80 are aligned. Preferably, the 
transducer adapter body 78 is made from plastic or other 
material similar to the material of the end cap 82. 

FIGS. 10 and 11A—11D illustrate the general positioning 
of the transducer 56 within the transducer adapter body 78. 
In the present embodiment, the transducer 56 is an electro 
dynamic type speaker. An example of such a transducer 56 
is model number ECA-3132 electrodynamic speaker avail 
able from Knowles Electronics, Inc. of Itasca, Ill. The 
transducer 56 is generally rectangular in shape and includes 
two contact points or mounts 88 to which the ends of the 
conductors 82 may be soldered. On the opposing end is the 
signal output port 110 which focuses the broadcast sound 
signal in the direction indicated by arrow S shown in FIGS. 
11A and 11D. 

The signal output port 110 is slightly offset upwardly from 
the central axis Z of the transducer 56 as shown in FIG. 11 
(axis Z is shown into the page in FIG. 11B). Due to the 
downward offset of the through hole 80 of the transducer 
adapter body 78, however, the signal output port 110 is 
aligned with the central axis Y of the transducer adapter 
body 78 when the transducer 56 is inserted into the through 
hole 80. When the IECF 42 is fully assembled, the signal 
output port 110 is received in the through hole 84 of the end 
cap 82 and is aligned with the central axis X of the end cap 
82. 

The through hole 80 of the transducer adapter body 78 
may be ?lled with epoxy in order to ?x the positioning of the 
transducer 56 within the through hole 80. By ?lling the 
through hole 80 with the epoxy, a short section 156 of the 
leads 86, adjacent the contact 88 and solder joint, will also 
be covered and afforded protection against external stresses 
that may be applied to the wire 86. 

As described above, the two conductor wires or leads 86 
are hard wired (e.g., soldered) to the transducer 56. These 
leads 86 are very thin and are preferably twisted to form a 
rope-like construction. In order to protect the leads against 
undue torsional stresses, the leads 86 are preferably twisted 
in a direction so that the leads will have a tendency to 
unwind rather than twist further when the stethoscope tube 
50 and transducer housing 54 are threaded together. For 
example, the leads 86 would be carefully twisted in a 
counterclockwise direction where the end of the ear tube 50 
is threaded in a clockwise direction. To further protect the 
wires 86 from torsional or other stresses, the wires 86 may 
be encased in a shielded cable that is fed through the ear-tube 
50. In addition, as described above, the transducer 56 and a 
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10 
section 156 of the leads 86 adjacent the contacts 88 are 
encapsulated in the transducer adapter body 78 and sur 
rounded by epoxy. The encapsulation of the section 156 of 
the wires 86 provides additional protection against stress 
being applied to the wires 86 at the solder joints. 

FIGS. 12A—C illustrate another embodiment of an encap 
sulated transducer assembly 160 that may be used in place 
of the encapsulated transducer assembly 76 shown in FIG. 
10. FIGS. 12A—C in particular illustrate the assembly pro 
cess for inserting the encapsulated transducer assembly 160 
into a modi?ed transducer housing 54‘. The transducer 
housing 54‘ is similar to the transducer housing 54 shown in 
FIG. 4 with the exception that the second chamber 66‘ and 
the passageway 90‘ have been modi?ed as explained further 
below. In this embodiment, the transducer 56, rather than 
being encapsulated in the adapter body 78 and end cap 82, 
is encapsulated in a molded, solidi?ed encapsulant or hous 
ing 162. An example of a suitable material for encapsulating 
the transducer is an epoxy potting compound. Many well 
known thermoplastic and thermosetting materials exist, 
however, that would be suitable for forming the solidi?ed 
encapsulant 162. 

In production, the pre-wired transducer 56 (i.e., the trans 
ducer 56 with the twisted wires 86 or shielded cable attached 
thereto) is inserted into a mold and a plastic potting com 
pound is poured or injected into the mold. The soldered wire 
terminals 164 and a short length 166 of the twisted wires 86 
are also encapsulated in the potting compound in order to 
form a strain relief. By encapsulating the soldered joints 164 
and a section 168 of the wires 86, any torsional displacement 
applied to the wires 86 external to the encapsulant 162 will 
not be transmitted to the wires 86 at the terminals 164 and, 
therefore, cannot cause any stress at the soldered joint 164. 
This stress relief is important as the wires 86 typically would 
be made from copper which can become embrittled after 
being subjected to heat. The copper wire immediately adja 
cent the terminal 164 would be particularly subjected to the 
heat of the molten solder and may become embrittled in an 
area known as the “heat affected Zone”. This embrittled, heat 
affected Zone, would be more likely to break if subjected to 
undue stresses. By encapsulating a length 166 of the wires 
86 that includes this Zone, ample protection against breakage 
can be obtained. 

The encapsulant or encapsulated housing 162 is molded 
so that its outer shape is generally symmetrical about its 
central longitudinal axis M. The shape is generally cylin 
drical with an outermost diameter slightly smaller than the 
inside diameter of the second chamber 66‘ of the transducer 
housing 54‘. In addition the outer shape of the cylindrical 
encapsulant 162 at the solder terminal end 164 preferably 
tapers down to a diameter slightly larger than the diameter 
of the twisted wire bundle, i.e., has a cone shape. The tip of 
the cone-shaped protuberant 168 is aligned with central 
longitudinal axis M resulting in the wires 86 extending 
slightly upward from the soldered joint 164 as shown in 
FIGS. 12A—C. The cone-shaped protuberant 168 may then 
mate with a corresponding concave cone shape 170 formed 
at the inner end of the second chamber 66‘ of the transducer 
housing 54‘. 
At the opposing end 172, a thin cylindrical tube 174 is 

placed about the audio output 110 of the transducer 56 and 
is also encapsulated in the potting compound. The tube 174 
provides an audio passage 176 for sounds emitted from the 
transducer 56 and improves the structural integrity of the 
housing 162 near the audio end 172 so that the assembly 
may be safely ?t into the IEC adapter 96. In addition, the 
outer shape of the end 172 is similar to the outer shape of the 








